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ABSTRACT
We present the catalog of Radio sources associated with Optical Galaxies and having
Unresolved or Extended morphologies I (ROGUE I), consisting of 32,616 spectroscop-
ically selected galaxies. It is the largest handmade catalog of this kind, obtained by
cross-matching galaxies from the Sloan Digital Sky Survey (SDSS) Data Release 7 and
radio sources from both the First Images of Radio Sky at Twenty Centimetre (FIRST)
survey and the NRAO VLA Sky Survey without imposing a limit to the radio flux den-
sities. The catalog provides a visual classification of radio and optical morphologies of
galaxies presenting a FIRST core within 3′′ of the optical position. The radio morpho-
logical classification is performed by examining the radio-optical overlays of linear sizes
equal to 1 Mpc at the source distance, while the 120′′ image snapshots from the SDSS
database are used for optical classification. The results of our search are: (i) single-
component unresolved and elongated, radio sources constitute the major group in the
ROGUE I catalog (∼90%), and ∼8% exhibiting extended morphologies, (ii) samples of
269, 730, and 115 Fanaroff-Riley (FR) type I, II, and hybrid galaxies, respectively, are
presented (iii) we report 55 newly discovered giant/possible giant, 16 double–double, 9
X–shaped, and 25 Z–shaped radio sources, (iv) on the optical front, most galaxies have
elliptical morphologies (∼62%) while spirals form the second major category (∼17%)
followed by distorted (∼ 12%) and lenticular (∼7%) morphologies, (v) division between
the FR I and the FR II sources in the radio–optical luminosity plane is blurred, in tune
with recent studies.
Keywords: Radio continuum: galaxies — surveys: individual (SDSS, FIRST, NVSS)
— Catalogs — galaxies
Corresponding author: Dorota Kozie l-Wierzbowska
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1. INTRODUCTION
It is widely accepted that the broad range
in radio powers (up to 4 decades), sizes (up
to Mpc scales), and radio morphologies of jet-
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ted active galactic nuclei (AGNs) stems from
the complex interplay between the jet produc-
tion efficiency (linked to the properties of ac-
cretion flow around the supermassive black hole
(SMBH) located at the centers of galaxies), in-
teraction of jets with the host galaxy, and the
large scale environment they reside in (see, for a
recent review, Padovani et al. 2017; Blandford
et al. 2019). While accretion onto the SMBH
has been unequivocally accepted as the main
source of AGN activity, it is not clear what
fraction of it is channeled as kinetic energy of
a jet as the majority of the optically selected
galaxies and their high luminosity counterparts,
quasars, do not show significant radio activity
(see Balokovic´ et al. 2012; Kozie l-Wierzbowska
et al. 2017, and references therein). More-
over, the energy exchange between the evolving
radio source and the interstellar/intergalactic
medium on small as well as large scales forms
an important part of the feedback that gov-
erns the co-evolution of galaxies, central SMBH,
and galaxy groups/clusters over cosmological
timescales (see, for a review, McNamara &
Nulsen 2007; Fabian 2012).
The wide contrast between the two main
morphological classes of radio galaxies, i.e.,
Fanaroff-Riley type I and II (FR I, FR II; Fa-
naroff & Riley 1974), and the extremely large
number of ‘young’ radio galaxies as compared to
the ‘evolved’ ones is already driving the need to
obtain large samples of radio galaxies in order
to derive statistical inferences on the physics of
radio AGN (e.g., Best & Heckman 2012; Tad-
hunter 2016). In this regard, a reliable associa-
tion of radio sources with their host galaxies is
crucial for identifying the conditions responsible
for the radio AGN trigger from the nuclear re-
gions (i.e., different accretion flows; Ineson et al.
2015), host galaxies (i.e., positive/negative feed-
back; Kalfountzou et al. 2017), merger history
(Singh et al. 2015a), and the cluster environ-
ment (i.e., rich vs. poor environment; Mingo
et al. 2017).
Several attempts have been made to ob-
tain such samples by utilizing multiwavelength
datasets from surveys, which normally cover
large portions of the sky. In particular, Sloan
Digital Sky Survey (SDSS; York et al. 2000),
Palomar Observatory Sky Survey (POSS I;
McMahon & Irwin 1992), Las Campanas Red-
shift Survey (LCRS; Shectman et al. 1996) at
optical frequencies, NRAO VLA Sky Survey1
(NVSS; Condon et al. 1998), First Images of Ra-
dio Sky at Twenty Centimetre survey2 (FIRST;
Becker et al. 1995; White et al. 1997), and Syd-
ney University Molonglo Sky Survey (SUMSS;
Mauch et al. 2003) at radio frequencies, infrared
from the Wide Field Survey Explorer (WISE;
Wright et al. 2010) and the Infrared Astronom-
ical Satellite (IRAS; Moshir et al. 1992), and
X-rays from the X-ray Multi Mirror (XMM)–
Newton (Rosen et al. 2016), Chandra (Evans
et al. 2010), and Swift-Burst Alert Telescope
(BAT; Baumgartner et al. 2013) databases have
been vastly used to explore the AGN phenom-
ena (e.g., Machalski & Condon 1999; McMahon
et al. 2002; Best et al. 2005; Gendre & Wall
2008; Best & Heckman 2012; Mingo et al. 2014,
2016; Gupta et al. 2018; Sabater et al. 2019).
Due to the large number of sources detected
by all-sky surveys, most of these studies rely on
deriving AGN samples using “automated–(not
by eye)” selection methods. For example, at ra-
dio frequencies, using the data from the FIRST
survey, Proctor (2011) derives a sample of ra-
dio galaxies (including quasars) by counting the
number of radio components within ∼0.′96 ra-
dius from the source. A different approach was
applied by van Velzen et al. (2015), who se-
lected double-lobed radio sources by counting
all the radio components separated by angular
1 https://www.cv.nrao.edu/nvss/
2 http://sundog.stsci.edu/
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Table 1. Summary of the previous/current results on samples of radio sources
Sample Selection procedure z and flux density cuts Sky coverage Number Radio Optical
(1) (2) (3) (4) (5) (6) (7)
Machalski & Condon (1999) Cross-matching of LCRS
galaxy sample with NVSS
sample using a matching
radius ∆r = 2.′′5
z < 0.2; optical mag-
nitude < 18 and NVSS
flux density > 2.5 mJy
∼0.2 sr 1,157 No No
McMahon et al. (2002) Cross-matching of POSS I
sources with FIRST sample us-
ing ∆r = 20′′
optical magnitude <
20 and FIRST flux
density > 1.0 mJy
∼4,150 deg2 70,000 No No
Sadler et al. (2002) Cross-matching of 2dF Galaxy
redshift Survey with NVSS
sample using ∆r = 15′′
z < 0.438; optical
magnitude < 19.5 and
NVSS flux density >
2.5 mJy
∼325 deg2 757 No No
Best et al. (2005) Cross-matching of SDSS DR 2
spectroscopic sample with
NVSS using ∆r = 3′ and then
matching with FIRST
0.01 < z < 0.56; opti-
cal magnitude < 17.77
and NVSS flux density
> 5.0 mJy
∼3,324 deg2 2,712 No No
Gendre & Wall (2008) Cross-identification of FIRST
and NVSS samples and then
search of optical counterparts
in SuperCosmos Sky Survey
(Hambly et al. 2001)
0.003 < z < 3.5; NVSS
flux density > 1.3 Jy
∼4,924 deg2 274 Yes No
Kimball & Ivezic´ (2008)† Cross-identification of FIRST,
NVSS, WENSS samples with
SDSS sample within ∆r = 2′′
optical magnitude <
17.77
∼3,000 deg2 2,885 No No
Gendre et al. (2010) Cross-identification of FIRST
and NVSS samples and then
search of optical counterparts
in SDSS and 2 MASS (Skrut-
skie et al. 2006)
0.003 < z < 3.5; NVSS
flux density > 50 mJy
∼4,924 deg2 859 Yes No
Lin et al. (2010)∗ Cross-matching of SDSS spec-
troscopic sample with NVSS
using ∆r = 3′ and then match-
ing with FIRST
0.02 < z < 0.3; abso-
lute optical magnitude
< 21.27 and NVSS flux
density > 3.0 mJy
∼6,008 deg2 1,040 No No
Best & Heckman (2012) Cross-matching of SDSS DR 7
spectroscopic sample with
NVSS using ∆r = 3′ and
identifying with FIRST
0.01 < z < 0.7; opti-
cal magnitude < 17.77
and NVSS flux density
> 5.0 mJy
∼11,664 deg2 18,286 No No
Banfield et al. (2015)‡ Cross-identification of FIRST
and ATLAS samples with
WISE and SWIRE samples
FIRST flux density > 1
mJy and ATLAS > 15
µJy
∼30,000 No No
Williams et al. (2019)‡ Cross-identification of LoTSS
DR 1 sample with Pan-
STARRS and WISE samples
g-band optical magni-
tude < 23.3 and W1
IR-magnitude < 19.0
and 150 MHz flux den-
sity > 0.639 mJy
∼424 deg2 231,716 No No
This work Cross-matching of SDSS DR 7
spectroscopic sample with
FIRST using ∆r = 3′′ and
then cross-identifying with
NVSS sample
z < 0.7; optical mag-
nitude < 17.77 and
FIRST flux density >
0.6 mJy
∼11,664 deg2 32,616 Yes Yes
NOTE–Columns: (1) reference for the sample; (2) key points on the selection procedure; (3) z and flux density limits imposed on the data;
(4) total sky coverage; (5) total number of derived radio sources; (6) visual classification of radio morphology; (7) visual classification of
optical morphology.
† Appendix B for other AGN samples
∗ Visual identification of extended sources.
‡ On-going surveys/projects.
distance up to 1′ and flux density limit 12 mJy. In this manner, van Velzen et al. could select
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only FR II sources after applying several cuts:
minimum angular separation (18′′), ratio of the
integrated flux of the lobes (fl/l < 10), and
integrated–to–core flux ratio (Fi/Fp < 5). Ra-
dio AGN samples derived from cross-matching
of sources in different wavebands are subject
to contaminations due to source confusion (de-
pending on the angular resolution) and large un-
certainty in reliable association due to the com-
plex nature of spatially extended radio sources.
The only exceptions to this rule are the on-
going Low Frequency Array (LOFAR) Two-
metre Sky Survey (LoTSS; Shimwell et al. 2017)
and the Radio Galaxy Zoo (Banfield et al. 2015)
projects. LoTSS uses a combination of auto-
mated algorithms as well as visual identifica-
tions of the host galaxies of radio sources. The
current LoTSS DR 1 release covers 2% of the
sky and provides optical and/or IR identifica-
tions from the Panoramic-Survey Telescope and
Rapid Response System (Pan-STARRS; Cham-
bers et al. 2016) and WISE surveys (Shimwell
et al. 2019; Williams et al. 2019). The Radio
Galaxy Zoo selects radio sources from FIRST
and from the Australia Telescope Large Area
Survey DR 3 (ATLAS; Franzen et al. 2015)
and provides IR identifications from the WISE
and Spitzer Wide-Area Infrared Extragalactic
Survey (SWIRE; Lonsdale et al. 2003) sam-
ples. However, as can be seen from Table 1,
which summarizes the main features of the pre-
vious and current efforts to obtain samples of
radio sources, most of the catalogs do not pro-
vide detailed radio morphological classification,
and practically none of them give the morpho-
logical classification of the host galaxy. How-
ever, we note that the main focus of majority
of these studies is to provide samples of radio
AGNs with optical counterparts and not nec-
essarily the morphological classification which
is the main focus of the present study. Very
recently, the radio AGN sample from Best &
Heckman (2012) has been used as a parent sam-
ple to extract lists of AGNs with specific ra-
dio morphological classifications, see for exam-
ple, Capetti et al. (2017a) for FR I sources,
Capetti et al. (2017b) for FR II sources, Baldi
et al. (2018) for FR sources with linear sizes
<5 kpc, Missaglia et al. (2019) for wide–angle
tail (WAT) sources, and Jimenez-Gallardo et al.
(2019) for compact sources with linear sizes <60
kpc.
The present study provides a catalog of radio
sources associated with optical galaxies, having
their central radio component within 3′′ from
the position of the optical galaxy, and compris-
ing of unresolved or extended radio morphology.
The catalog contains sources with: (1) spec-
troscopic redshift (z); (2) good quality opti-
cal spectrum from SDSS to study host galaxy
and emission line properties; (3) measured ra-
dio flux densities of radio structures; (4) low
flux density limit corresponding to the flux den-
sity limit of the FIRST radio survey; (5) for
each source it provides a morphological classi-
fication of the radio structure and of the host
galaxy. The present catalog is handmade and
the radio and the optical morphological classi-
fications are performed visually. It provides the
largest sample of spectroscopically selected ra-
dio galaxies to date, covering ∼30% of the entire
sky (see, in this context, Ching et al. 2017). We
emphasize that in contrast to previous catalogs
based on galaxies from the SDSS DR 7 release
(Abazajian et al. 2009), we do not impose any
additional radio flux density detection limit (see
Table 1). Therefore, our catalog of the Radio
sources associated with Optical Galaxies and
having Unresolved or Extended morphologies I
(ROGUE I) contains sources with flux densities
reaching down to ∼sub–mJy levels, correspond-
ing to the 3σ radio source detection provided
by the FIRST survey. As a consequence, the
ROGUE I catalog has the same limitations as
the radio and optical catalogs used for selec-
tion. However, based on the ROGUE I cat-
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alog statistically complete samples can be se-
lected, allowing detailed investigation of e.g.,
the AGN phenomena as a function of BH mass,
host galaxy mass, stellar population, morpho-
logical type (both radio and optical), which will
be the subject of forthcoming papers.
In Section 2 we describe in more detail all the
data assembled while cross-matching. The iden-
tification procedures are described in Section 3,
where we also describe our schemes for morpho-
logical classification and our flux density estima-
tion methods. The results are outlined in Sec-
tion 4. Comments, reclassifications, and new
discoveries are presented in Section 5. Section 6
gives the summary.
2. SAMPLE SELECTION
The first step in the sample selection pro-
cess was the identification of a parent sample
of galaxies with an optical spectrum which will
allow the study of stellar population and emis-
sion line properties. Our sample, consisting
of 673,807 galaxies, is drawn from the SDSS
Main Galaxy Sample (Strauss et al. 2002) and
the Red Galaxy Sample (Eisenstein et al. 2001)
based on the spectrum quality (signal-to-ratio
in the continuum at 4020 A˚ ≥ 10; Kozie l-
Wierzbowska et al. 2017). We note that some
parts covered by SDSS DR 7 have been observed
repeatedly, therefore, in order to avoid dupli-
cation in the parent sample, we matched the
galaxies in right ascension (<0.′′5), declination
(<0.′′5), and z (±0.005). This gave us a total
of 662,531 unique SDSS galaxy candidates in
which we searched for the presence of a radio
AGN counterpart.
In order to identify the radio sources associ-
ated with the selected optical galaxies, we used
the FIRST and NVSS radio surveys conducted
using the Very Large Array (VLA). These two
surveys, although conducted at identical fre-
quency (1.4 GHz) are widely different in terms
of the angular resolution of the radio images
and of the sensitivity for the point-like and
extended/diffuse emission. The FIRST sur-
vey provides 5.′′4 synthesized beam size images
and is complete down to a flux density limit
of 1 mJy for point-like sources. On the other
hand, the NVSS survey provides 45′′ synthe-
sized beam-size images and is complete down
to a 2.5 mJy flux density limit. The FIRST
survey is ∼2 times more sensitive in detecting
compact sources with angular sizes .6′′ as com-
pared to the NVSS survey, while the NVSS sur-
vey is infinitely more sensitive than the FIRST
survey for detecting extended/diffuse emission
due to its compact array configuration. The
sky coverages of the FIRST and NVSS surveys
overlap (declination ≥ −10◦ and −40◦, respec-
tively), which makes them complementary to
each other in order to perform a blind search
for radio galaxies which might contain a point-
like radio-core/hot spots and extended/diffuse
emission. In addition, the part of the sky cov-
ered by the FIRST survey is almost identical to
the portion of the sky covered by SDSS DR 7
spectroscopic observations. Therefore, by com-
bining the SDSS optical survey and the FIRST
and the NVSS radio surveys we are able to iden-
tify the radio counterparts of the selected SDSS
DR 7 galaxies.
3. METHODOLOGY
We have performed the search in two steps:
(1) the optical position of a galaxy from the
SDSS catalog was cross-matched with the radio
position from the FIRST catalog allowing for an
error of 3′′; (2) once the match was found in the
FIRST catalog, we made optical/radio overlay
maps with angular sizes corresponding to 1 Mpc
linear size at the source distance, centered at the
host galaxy position, to visualise the morpholo-
gies of the radio sources. For this, we used the
optical images from the Digitized Sky Survey
(DSS)3 and the radio images from the FIRST
3 http://archive.eso.org/dss/dss
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and NVSS surveys. We note that optical galax-
ies for which we did not find a radio match in
step (1) are not included in the present catalog.
These 629,815 remaining galaxies from our par-
ent SDSS sample might still host extended radio
emission, but without a FIRST detection at the
position of the optical host galaxy, which will
be searched for in future work and lead to the
publication of our second catalog, ROGUE II.
Below we describe our selection procedure in de-
tail.
3.1. Optical galaxies with radio cores:
cross-matching of source positions
We searched for a radio counterpart by cross-
matching the optical positions of the SDSS
galaxies with the positions of the radio sources
listed in the FIRST catalog. Since the radio
and optical surveys have different resolutions,
we chose an error circle within which a radio
source can be assumed to be coincident with
the optical galaxy. The search radius, ∆r, is
defined as
∆r=[((αSDSS − αFIRST)× cos δSDSS)2
+(δSDSS − δFIRST)2]1/2, (1)
where αSDSS, δSDSS are the right ascension
and declination of the optical positions of the
sources from the SDSS DR 7 list and αFIRST,
δFIRST correspond to the right ascension and
declination from the FIRST list, respectively. If
the computed ∆r was found to be ≤3′′ (adopted
after Singh et al. 2015b, see the discussion
therein), the radio counterpart was considered
to be coincident with the optical source. In
this manner, we identified 32,616 optical galax-
ies with a FIRST counterpart initially treated
to be a radio core.
3.2. Source morphology: visual identification
and classification
Once a radio source was found to coincide with
the optical galaxy position (Eq. 1), we derived
the projected angular size corresponding to 1
Mpc linear size, according to the redshift of the
optical galaxy. The luminosity distance to the
source, dL, has been computed using the concor-
dant cosmology with the Hubble constant H0 =
69.6 km/s/Mpc, ΩM = 0.286, and ΩΛ = 0.714
(Spergel et al. 2007). The luminosity distance
has been calculated following Hogg (1999):
dL(z;H0,ΩM ,ΩΛ) =
c(1+z)
H0
× (2)∫ z
0 [(1 + z
′)2(1 + ΩMz′)− z′(2 + z′)ΩΛ]−1/2dz′] [Mpc],
where c is the speed of light.
The luminosity distance has then been con-
verted to the angular diameter distance, dm,
dm =
dL
(1 + z)2
[ Mpc]. (3)
Finally, we applied the small angle formula to
convert a linear size into an angular size:
angular size = 206, 265
linear size
dm
[′′]. (4)
Subsequently, we searched for associated ra-
dio source within 1 Mpc linear size by mak-
ing radio (1.4 GHz contours from FIRST and
NVSS) – optical (grayscale from DSS) overlay
in the Astronomical Image Processing System
(AIPS), using the kntr task. This image size
was chosen to ensure that we do not miss out on
a large number of galaxies with extended radio
emission as the fraction of large (linear size >1
Mpc) double-lobed quasars is negligible (see de
Vries et al. 2006). For the optical/radio over-
lay, we selected contour levels starting from ∼3
times of the typical rms provided by the surveys
(i.e., 0.6 mJy beam−1 and 1.35 mJy beam−1 for
the FIRST and the NVSS maps, respectively).
3.2.1. Radio morphological classification
The FIRST and the NVSS radio maps of our
entire sample of 32,616 sources were visually in-
spected. All three authors participated in the
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classification. At first, to train ourselves and
to adjust our classification scheme, we jointly
classified a set of 1,000 sources. Then, we as-
signed a set of ∼11,000 sources to each of us
and we carried on the classification separately.
After this round of morphological assignments,
two authors together verified all the sources in
terms of compatibility with previously adopted
classification scheme. The radio morphologi-
cal classification was made separately for the
FIRST and the NVSS maps and the individual
FIRST and NVSS classifications were assigned
to the source using the codes described in Ta-
ble 2. Figure 1 gives example maps for each of
our radio morphological classes.
We classified single-component sources as
compact (unresolved) or elongated according
to their sizes given by FIRST (or NVSS):
sources with both axes of deconvolved Gaus-
sian equal to zero were classified as compact,
while sources with at least one deconvolved di-
mension larger than zero were classified as elon-
gated. Single-component NVSS sources were
classified as compact when only upper limits of
both Gaussian axes were available in the NVSS
catalog. The classification of sources with at
least two components, which we refer to as ex-
tended, in the FIRST or the NVSS catalogs
used the classical Fanaroff & Riley (1974) clas-
sification scheme, where sources with collinear
lobes brighter at the edges are classified as
FR II radio galaxies, while sources in which
the brightest part of a lobe is close to the cen-
ter are classified as FR I radio galaxies. We
separated also hybrid sources (Gopal-Krishna
& Wiita 2000; Kapin´ska et al. 2017) with one
lobe of FR I and another of FR II type mor-
phology, and one-sided FR I or FR II sources.
Sources classified as one-sided have symmetric
NVSS radio emission suggesting that the second
lobe is not detected in FIRST. In our classifi-
cation scheme we distinguished sources with
more complex morphology, such as: Z–shaped
sources (lobes forming Z or S shape structure),
X–shaped (with two inclined pairs of lobes),
double–double radio sources (two collinear pairs
of lobes), wide-angle tail (WAT; lobes forming
an obtuse angle) and narrow-angle tail (NAT;
lobes forming an acute angle) sources, head-tail
(HT; bright radio core connected to one-sided
tail-like emission) sources, or halo (diffuse radio
emission around a core) sources. Our classi-
fication of bent sources is based only on the
morphological features. We note that from the
data used in our search we are not able to ver-
ify if the source is a cluster member which is
often used as the feature of WAT/NAT sources
(e.g., Leahy 1993, but, see also, Missaglia et al.
2019; Mingo et al. 2019). In some galaxies
the location and morphology of the radio emis-
sion allowed us to classify it as coming from
star-forming regions (SFR). Sources with radio
emission too complex to be classified into one of
the above classes were marked as sources with
not clear morphology. In the cases where several
sources of radio emission were measured jointly
in the FIRST or NVSS catalog as one detection
we classified this detection as blended. Further-
more, we found several cases in which the radio
emission cannot be physically linked to the op-
tical galaxy under consideration, these are: (i)
radio emission is below the NVSS detection
threshold or (ii) the radio emission is produced
by a nearby galaxy or by just a part of the same
galaxy, and we classified these galaxies as not
detected in radio.
The final radio morphological classification is
based on the combination of the FIRST and
the NVSS classifications, because of sheer dif-
ferences in resolutions and the sensitivity to the
extended emission of the two surveys. Due to
higher angular-scale resolution of the FIRST
survey, compact and elongated types are as-
signed based solely on the deconvolved angular
sizes of the radio components provided by the
FIRST survey.
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In the case of sources showing extended struc-
tures, more weight is given to the map with de-
tailed morphological features seen in the source.
For example, a small angular size source could
be classified as a double-double radio galaxy
(DDRG; two separate lobes on either side of the
core) in FIRST, while it could be classified only
as FR II in NVSS due to its larger beam size. In
such a case, the final classification is DDRG for
the source. Similarly, when only a bright core
could be seen in FIRST, while the lobe and the
counter lobe could be detected in NVSS due to
its higher sensitivity for the extended emission,
then the assigned classification is FR II. In the
case of sources for which we were not able to
assign a reliable classification, we use the prefix
p meaning possible.
3.2.2. Optical morphological classification
The optical morphological classification of
the galaxies associated with the radio emission
was done using the 120′′ image snapshots from
SDSS. The assigned morphologies were chosen
from the classes given in Table 3. Those use
the standard Hubble classification scheme with
some additional classes like distorted galaxies,
ring galaxies, and galaxy mergers. We also dis-
tinguished objects where the SDSS spectrum
concerns a star forming region or a part outside
the nucleus of a galaxy. Figure 2 gives exam-
ples of our optical morphological classification
scheme. In some cases we used additional codes
to describe details of the morphological type
like the presence of a bar or signs of interac-
tions and used the prefix p (for possible) when
we considered that the classification was uncer-
tain.
We need to point out that in this paper we
do not study the origin of radio emission of
sources in the ROGUE I catalog. Therefore, in
this catalog star-forming (SF) galaxies can be
present as well as radio AGNs. The separation
into AGN and SF will be discussed elsewhere
(Koziel-Wierzbowska, in prep.). Details of the
radio and optical morphological classifications
for the galaxies presented in the ROGUE I cat-
alog are given in Section 4.
3.3. Estimation of radio flux density, radio
luminosity, and absolute optical
magnitude
In the ROGUE I catalog, we also present the
core and total radio flux densities of all sources
for which the radio emission can be safely sepa-
rated from the emission of other nearby sources.
Core flux densities are the flux densities of the
compact central components taken from the
FIRST catalog (i.e., the radio sources resulting
from Section 3.1). In order to estimate the total
radio flux densities of the ROGUE I sources, we
employed a number of procedures depending on
the radio morphology and proximity of neigh-
bouring sources. Below, we outline in detail our
methodology for estimating the total radio flux
densities.
1) In the case of compact or elongated ra-
dio emitters, i.e. the majority of sources in the
ROGUE I catalog, the total flux densities were
obtained directly from the NVSS catalog.
2) In the case of sources with extended radio
morphology for which the radio emission con-
sists of many components, their total flux den-
sity was estimated as a sum of the flux densities
of separate components listed in the NVSS cat-
alog.
3) For sources blended with foreground or
background point-like sources, the total flux
densities were estimated as the difference be-
tween the NVSS flux density of the source com-
ponents and the FIRST flux density of the
blended source.
4) The total flux densities of a few sources
blended with elongated sources for which we
were able to separate individual components
were measured manually from the NVSS inten-
sity maps. The manual flux measurements were
done with the AIPS software using the JMFIT
task developed to fit Gaussian components to a
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Table 2. Radio morphologies of the sources listed in the ROGUE I catalog with adopted codes and
descriptions.
Radio morphology Code Description
(1) (2) (3)
Compact C point-like single-component
Elongated E elliptical profile single-component
FR I I linear structure brighter near core (Fanaroff & Riley 1974)
FR II II linear structure brighter near edges (Fanaroff & Riley 1974)
hybrid I/II hybrid morphology with one lobe of FR I and another of FR II morphology (Gopal-
Krishna & Wiita 2000)
One-sided FR I O I one-sided source with FR I lobe
One-sided FR II O II one-sided source with FR II lobe
Z–shaped Z Z– or S–shaped radio morphology
X–shaped X X–shaped radio morphology (Cheung 2007)
Double-double RG DD two pairs of collinear lobes (Lara et al. 1999)
Wide-angle tail WAT bent source with angle between lobes > 90◦
Narrow-angle tail NAT bent source with angle between lobes < 90◦
Head-tail HT bright core (head) and a tail (Owen et al. 1979)
Halo Halo diffuse radio emission around the core
Star-forming region SFR emission from the host galaxy
Not clear NC radio source with unclear morphology
Blended B radio emission blended with other source
Not detected ND optical galaxy is not the host of the radio emission
Possible p uncertain attribution of the above types
Table 3. Optical morphologies of the host galaxies of sources in the ROGUE I catalog with adopted
codes and descriptions.
Optical morphology Code Description
(1) (2) (3)
Spiral galaxy S disc galaxy with visible spiral arms, face-on or edge-on
Elliptical galaxy E elliptical galaxy
Lenticular galaxy L disc galaxy without spiral arms
Distorted D galaxy with distorted, perturbed morphology
Ring galaxy R galaxy with ring-like shape
Galaxy merger M Merging galaxies, mainly major merger
Star-forming region SFR SDSS spectrum of star-forming region, and not the galaxy center
Off-center O off-center spectrum, not corresponding to star-forming region
Interacting galaxy i if the signs of interaction are visible (iS, iL, iE)
Barred galaxy b spiral or lenticular galaxies with prominent bars (bS, bL)
Possible p uncertain attribution of the above types
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Figure 1. Examples of radio morphological classification assigned in the ROGUE I catalog (Table 2). The
1.4 GHz radio contours from the FIRST (red) and the NVSS (black) maps are overlaid on the optical DSS
(gray scale) image, centered at the host galaxy position marked by a plus sign. Background/foreground
sources are marked with “X” sign. The FIRST beam is placed inside the square box at the bottom left
corner and the NVSS beam (∼9 times of size of the FIRST beam) is not shown here for clarity. The contours
levels, for the FIRST and the NVSS maps are drawn at 0.6 mJy beam−1 and 1.35 mJy beam−1 (∼ 3σ),
respectively, which increase by factors of (
√
2)n where n ranges from 0,1,2,3,...20. The contours at −3σ are
shown by the dashed lines. In the title of each image we give the catalog number and the codes adopted for
radio morphology based on FIRST, NVSS, and final classifications, respectively.
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Figure 1 (Cont.). Examples of radio morphological classification assigned in the ROGUE I catalog.
defined part of an image. This method was used
in order to be consistent with the NVSS catalog
flux measurement method (Condon et al. 1998).
5) Moreover, during our analysis, we noticed
that in the case of a few sources, the FIRST flux
density is higher than given in the NVSS cata-
log. This can happen in case of variable sources.
For such sources we provide values from the
FIRST catalog as the total flux density.
6) The FIRST flux densities are given as a
measure of total flux density also for sources
not detected in the NVSS survey.
The observed monochromatic radio luminos-
ity was computed from the flux density, S, as
follows:
Lobs = 4pi d
2
L S [W Hz
−1] (5)
Next, we also compute for the extended
sources, the rest frame monochromatic total
luminosity using a spectral index α = −0.75
(Yuan et al. 2018).
Lrest =
4pi d2L
(1 + z)α+1
S [W Hz−1] (6)
The optical absolute magnitude, Mr, was cal-
culated from the SDSS apparent magnitude mr
using the Eq. 7.
Mr = mr − Ar + 5− 5 log(dL) (7)
We applied a correction for Galactic redden-
ing using the values of galactic extinction, Ar
(Schlegel et al. 1998), however, we did not ap-
ply any K-correction.
4. CATALOG
Table 4 presents the radio and optical mor-
phological classifications of the first 20 optical
galaxies of the ROGUE I catalog. The cata-
log of our entire sample of 32,616 sources is
published in the machine-readable format. The
catalog and the analysed radio-optical overlays
are also available at http://rogue.oa.uj.edu.pl/.
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Figure 2. Examples of optical morphologies assigned in the ROGUE I catalog (Table 3) through visual
inspection of the 120′′ SDSS image snapshots. Crosses indicate the position of the SDSS aperture used to
measure the spectra. In the header of each image we give the catalog number and the code adopted for
optical morphology based on the SDSS images.
The columns are as follows:
Column 1: catalog number of the source.
Column 2: plate number in the SDSS database.
Column 3: MJD in the SDSS database.
Column 4: fiber number in the SDSS database.
Column 5: Right ascension from the SDSS
ROGUE I: SDSS galaxies with FIRST core identifications 13
Figure 2 (Cont.). Examples of optical morphologies assigned in the ROGUE I catalog.
database.
Column 6: Declination from the SDSS database.
Column 7: redshift, z, from the SDSS database.
Column 8: right ascension from the FIRST
database.
Column 9: declination from the FIRST database.
Column 10: optical morphological classification
from inspection of SDSS images.
Column 11: radio morphological classification
from inspection of FIRST contour images.
Column 12: radio morphological classification
from inspection of NVSS contour images.
Column 13: final radio morphological classifi-
cation.
Column 14: computed luminosity distance.
Column 15: observed flux density of the core at
1.4 GHz.
Column 16: error on the flux density of the core
at 1.4 GHz.
Column 17: observed flux density of the total
emission at 1.4 GHz.
Column 18: error on the flux density of the
total emission at 1.4 GHz.
Column 19: reference for the estimation of total
flux density, i.e., if directly obtained or, in some
rare cases, measured manually.
Column 20: apparent optical magnitude of
galaxy from the SDSS database.
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5. COMMENTS ON THE CATALOG
5.1. Number of sources with given radio and
optical morphologies
The vast majority of sources in the ROGUE I
catalog possess single-component compact or
elongated radio morphologies, forming together
a sample of 29,237 (∼90%) radio sources, 876
sources are classified as SFR, blended, or not
detected, while the remaining 2,503 galaxies
(∼8%) are extended radio sources with complex
radio structures. In the group of extended radio
sources (including I, II, Hybrid, OI, OII, DD,
X, Z, WAT, NAT, HT, Halo, and NC classes),
1,519 (∼61% of extended sources) are consid-
ered as Fanaroff–Riley type I, II, hybrid, or
one-sided FR I and FR II, while 436 (∼17%
of extended sources) are possible classifications
of the above types. Bent sources securely clas-
sified as wide–angle tail, narrow–angle tail, or
head–tail radio sources form a large group of
390 (∼16%) objects, and 73 (∼3%) bent sources
having possible classifications. Double–double,
Z–shaped, X–shaped, and halo radio sources
(secure and possible) form a small group of 67
objects (∼3%). Table 5 gives a summary of the
radio morphologies in the ROGUE I catalog.
Out of 32,616 galaxies listed in the ROGUE I
catalog, we classified 19,535 objects as ellipti-
cal and possible elliptical galaxies, comprising
together the most numerous group, i.e. ∼60%.
Other large groups of galaxies consist of: spi-
ral and possible spiral — 5,174 (∼16%), dis-
torted — 3,946 (∼12%), lenticular and possible
lenticular — 2,367 (∼7%). Secure and possi-
ble merger, ring, interacting, and barred galax-
ies, as well as star-forming regions constitute a
group of 1570 objects (∼5%). The numbers of
galaxies with different optical morphologies are
listed in Table 6.
Table 7 shows that most of the sources with
extended radio morphology are hosted by el-
liptical galaxies, i.e. 2,445 (∼98%). The rest
Table 5. Summary of the ra-
dio morphologies of galaxies in the
ROGUE I catalog.
Radio morphology Code Number
Compact C 4,785
Elongated E 24,452
Fanaroff-Riley I I (pI) 269 (147)
Fanaroff-Riley II II (pII) 730 (141)
Hybrid I/II (pI/II) 115 (101)
One-sided FR I OI (pOI) 191 (33)
One-sided FR II OII (pOII) 214 (14)
Z–shaped Z (pZ) 18 (7)
X–shaped X (pX) 7 (7)
Double-double DD (pDD) 8 (12)
Wide-angle bent WAT (pWAT) 273 (36)
Narrow-angle bent NAT (pNAT) 101 (25)
Head-tail HT (pHT) 16 (12)
Halo Halo (pHalo) 3 (5)
Star-forming region SFR 423
Not clear NC 18
Blended B 414
Not detected ND 39
Note—Values in brackets correspond to the numbers
of objects with possible classification.
Table 6. Summary of the opti-
cal morphologies of galaxies in the
ROGUE I catalog.
Optical morphology Code Number
Elliptical E (pE) 18,416 (1,119)
Interacting elliptical iE (piE) 795 (6)
Distorted D 3,946
Spiral S (pS) 2,927 (2,247)
Interacting Spiral iS (piS) 115 (14)
Barred spiral bS (pbS) 142 (3)
Lenticular L (pL) 1,580 (787)
Interacting lenticular iL 16
Barred lenticular bL 39
Merger galaxy M (pM) 235 (93)
Ring galaxy R (pR) 88 (12)
Star-forming region SFR 12
Off-center O 24
Note—Values in brackets correspond to the numbers
of objects with possible classification.
of them (∼2%) are distorted, spiral, lenticular
(also barred) galaxies and galaxy mergers.
Table 8 presents the number of unresolved and
elongated radio sources corresponding to differ-
ent optical morphological classes. Again also
here the majority of the host galaxies are ellip-
tical; this is a selection effect arising from our
sampling of radio flux densities down to FIRST
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Table 7. Number of extended radio sources corre-
sponding to different optical morphological classes.
Radio
Optical E + iE D S + bS + iS L+bL + iL M
(pE+piE) (pS + pbS + piS) (pL+pbL) (pM)
I 265 (1) 3 - - -
pI 144 1 1 (1) -
II 710 (4) 10 2 (2) 1 (1)
pII 134 (3) 2 - 1 (1) -
I/II 112 (1) 2 - - -
pI/II 98 (1) 1 - (1) -
OI 183 7 - (1) -
pOI 32 1 - - -
OII 208 (1) 4 - 1 -
pOII 12 (1) 1 - - -
DD 7 1 - - -
pDD 11 (1) - - - -
WAT 264 (2) 6 - - (1)
pWAT 36 - - - -
NAT 101 - - - -
pNAT 25 - - - -
HT 16 - - - -
pHT 11 1 - - -
X 6 1 - - -
pX 6 1 - - -
Z 18 - - - -
pZ 7 - - - -
Halo 3 - - - -
pHalo 4 1 - - -
NC 17 - - (1) -
Note—Values in brackets correspond to sources with possible classification.
detection threshold (∼0.6 mJy beam−1 corre-
sponding to Lobs,total ∼1022 W Hz−1 for z∼0.1)
where the radio-active galaxy population still
dominates over the star-forming galaxy popula-
tion. However, we note that in unresolved and
elongated sources, the variety of optical mor-
phological types is much larger, suggesting that
these classes are a mixture of objects in which
the radio emission is connected to different phe-
nomena (AGN vs. SF).
We also examined the morphologies of the
galaxies where the radio emission is considered
to originate from a star-forming region. None of
the radio emission associated with these objects
is identified with elliptical galaxies.
5.2. Redshift and luminosity distributions of
the ROGUE I sources
The sources of the ROGUE I catalog cover
a wide range of redshifts, z = 0.0021 − 0.636,
and a wide range of total radio luminosities
at 1.4 GHz, Lobs,total = 10
18.86−26.59 W Hz−1,
and core luminosities Lobs,core = 10
18.86−26.26 W
Hz−1. Figure 3 shows the distributions of the ra-
dio sources as a function of z and Lobs,total. The
peak of the redshift distribution is at about 0.1
and there is a long tail towards higher redshifts.
The redshift range of the extended sources is
between 0.0162 and 0.5443 with Lobs,total =
1022.25−26.50 W Hz−1. As can be inferred from
the local radio luminosity function (e.g. Best &
Heckman 2012), SF galaxies dominate at low lu-
minosities in the distribution of Ltotal. At higher
luminosities, where also extended sources are
found, the majority of the sources are probably
AGNs.
The evolution of the total and core luminosi-
ties with z are shown in the top and bottom
panels of Figure 4, respectively. The distribu-
tion of Lobs,total shows the detection threshold
of the FIRST survey. Extended radio sources
are evidently shifted with respect to the whole
population of the ROGUE I sources. This is a
result of the selection method in which sources
are classified as extended only when there is
more than one component in the FIRST or the
NVSS maps that can be identified as belong-
ing to one source. It means that a source has to
have at least two components to be identified as
extended, thereby increasing the total radio flux
density threshold as compared to the unresolved
or elongated radio sources presented here.
We notice an offset of the extended sources
in relation to all sources in the core radio lumi-
nosity distribution. This is due to the fact that
at low luminosities, the lobes of extended ra-
dio structures cannot be detected by the FIRST
survey as the low-luminosity (if any) extended
emission is resolved out and only the core is de-
tected. In such cases, the radio source is clas-
sified as compact or elongated (see Section 3).
However, the hint that some of these objects
can have extended emission comes from a com-
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Table 8. Number of unresolved and elongated radio sources corresponding to different optical
morphological classes.
Radio
Optical E iE D S iS bS L iL bL R M SFR O
(pE) (piE) (pS) (piS) (pbS) (pL) (pR) (pM)
C 2,609 (249) 88 (1) 662 281 (371) 9 (2) 15 284 (169) 0 7 16 (2) 15 (4) 1 0
E 13,326 (848) 512 (5) 3,141 2,377 (1,828) 91 (7) 117 (3) 1,264 (607) 14 32 71 (9) 152 (40) 5 3
Note—Values in brackets correspond to sources with possible classification.
parison of flux densities from the FIRST and
the NVSS catalogs: in the presence of extended
structure NVSS should have an excess of ra-
dio flux density compared to the FIRST flux
density. We find that ∼27% of the compact
and elongated sources have the NVSS flux mea-
surements larger than the FIRST flux measure-
ments by 20% or more (see also the discussion
in van Velzen et al. 2015). Therefore, these
could be potential candidates for low-luminosity
(mostly FR I) extended radio sources.
Figure 5 shows the distribution of secure and
possible FR I and FR II galaxies as a function
of z (top panel) and Lrest,total (bottom panel).
The redshift range of both FR Is and FR IIs
is similar. This is unexpected since the lower
luminosity lobes in FR I sources should be much
harder to detect at larger redshifts.
Both the position of the maximum and the
width of the distributions of the FR Is and
FR IIs total radio luminosity are very similar.
This is surprising since FR IIs are considered to
have larger radio luminosities. In the next sec-
tion we discuss in detail the distribution of our
sources in the radio–optical luminosity plane,
the so-called Ledlow–Owen diagram (Ledlow &
Owen 1996) and compare it to previous studies.
5.3. The radio-optical luminosity plane for
FR I and II sources
Studies based on the most luminous (with a
radio flux density larger than 8 Jy) radio sources
detected in the 3C catalogs (Edge et al. 1959;
Bennett 1962; Laing et al. 1983) found that FR I
and FR II radio sources can be separated by
their radio luminosity: FR II radio sources are
more luminous and the separating luminosity is
about 2× 1025 W Hz−1 at 0.178 GHz (Fanaroff
& Riley 1974). Later studies (e.g. Owen & Led-
low 1994; Ledlow & Owen 1996) found that the
luminosity at which these two types of radio
sources are separated depends on the luminosity
of the optical host galaxy: it is larger for more
luminous hosts. This dependence of the separa-
tion of FR Is and FR IIs on the host luminos-
ity suggested that, beside the jet power, also
the environment plays a crucial role in shap-
ing radio sources. However, lower flux density
limit surveys (eg., Gendre et al. 2013; Miraghaei
& Best 2017; Capetti et al. 2017b) show that
the separation between FR Is and FR IIs is no
longer discernible when extended down to lower
radio luminosities. The area in the Ledlow-
Owen diagram reserved before just for FR Is
now is populated also by radio-faint FR II type
sources. Recently, Capetti et al. (2017a,b) have
published a list of FR I (FRICAT) and FR II
(FRIICAT) radio sources obtained by visual in-
spection of the FIRST and the NVSS maps
with optical galaxies up to z < 0.15 from the
SDSS DR 7 release and the radio AGN sam-
ple of Best & Heckman (2012). Since they also
use visual identification for radio morphological
classification, it is useful to compare our results
with theirs. In Figure 6, we show the Ledlow–
Owen diagram for our FR I and FR II sources
with secure classification only (Table 4). Con-
sistently with Capetti et al. (2017b), we find
that most of FR IIs are found below the origi-
nal division line in the Ledlow–Owen diagram.
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We note that the total number of FR II sources
in ROGUE I is larger than given by FRIICAT
for the same redshift limit (202 from ROGUE I
vs. 122 from FRIICAT). This is a result of the
lower flux density limit adopted in ROGUE I
(0.6 mJy vs. 5 mJy in Capetti et al. 2017b).
The number of FR II sources above the Led-
low & Owen (1996) division line is lower for
the same z limit (13 from ROGUE I vs. 33
from FRIICAT). This is mainly due to the fact
that Capetti et al. (2017b) includes also radio
sources without radio core, which are absent in
the ROGUE I catalog. We also note that the
number of FR I sources detected by us is lower
for the same z limit (99 from ROGUE I vs. 209
from FRICAT). This results from the inclusion
of radio sources with only one detection in the
FIRST catalog as FR Is in their classification.
In the ROGUE I catalog these sources are clas-
sified as elongated. We note that Mingo et al.
(2019) also find about a factor of three more
FR I sources than FR II sources in the LoTSS
data release due to significantly lower surface
brightness limit of the LoTSS survey as com-
pared to the FIRST survey.
5.4. Sources with uncommon radio structures
Comparing maps at the same frequencies but
with different angular-scale sensitivities, we
were able to classify some of the radio sources
more precisely, henceforth our morphological
classifications differ from those in the litera-
ture. The following tables list all the objects
for which we propose new morphological des-
ignations, such as giant radio sources (GRSs;
Table 9), possible GRSs (Table 10), double-
double radio sources (Table 11), X–shaped radio
sources (Table 12), and Z–shaped radio sources
(Table 13).
We classify GRSs following the definition
given by Kuz´micz et al. (2018), i.e. sources with
linear size >700 kpc. We measured the sizes of
all the extended radio sources for which the ra-
dio structure is larger than 2/3 of the analyzed
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Figure 3. Histograms of z (top panel) and
Lobs,total (bottom panel) at 1.4 GHz of all (black
solid lines) and secure as well as possible extended
(violet dashed lines) radio sources listed in the
ROGUE I catalog.
maps (i.e., ∼660 kpc). In the case of sources
possessing prominent hot spots, i.e. FR IIs, the
size was estimated as the sum of the lengths of
both lobes, being distances from the core to the
most distant FIRST/NVSS components. Re-
garding the gradually darkening structures, i.e.
FR Is, we measured the size manually taking
into account deconvolution with the synthesized
beam.
In a few cases, for example when (1) the lobes
are faint and not listed in the FIRST/NVSS
catalogs (i.e., in practice only one contour is
present in the map), (2) the sizes are slightly
smaller than 700 kpc (&690 kpc), or (3) the as-
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Figure 4. Distributions of Lobs,total vs. z (top
panel) and Lobs,core vs. z (bottom panel) of all
(black open circles) and extended (violet filled cir-
cles) sources listed in the ROGUE I catalog.
signed final morphology is possible, the sources
are considered as a GRS candidate.
We also cross-matched our list of double-
double and X–shaped radio sources with Lal
& Rao (2007); Cheung (2007); Kuz´micz et al.
(2017). We found that 16 (including 12 pos-
sible) X–shaped radio sources from ROGUE I
catalog do not appear in their lists, therefore
they are newly discovered sources.
Although sources with Z–shaped symmetry
are traditionally included in the group of X–
shaped sources (Gopal-Krishna et al. 2003; Che-
ung 2007), the radio morphologies are signifi-
cantly different for these two classes. The for-
mer class has a single pair of jets gradually
(S–shaped) or abruptly (Z–shaped) changing
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Figure 5. Histograms of z (top panel) and
Lrest,total (bottom panel) of secure and possible
FR I (416 objects; red dashed lines) and FR II (871
objects; blue solid lines) radio sources listed in the
ROGUE I catalog.
direction of propagation (Figure 1; Z–shaped
source), while the latter possesses two pairs of
lobes, where the axis of the second pair of lobes
also crosses the core at an angle to the first pair
(Figure 1; X–shaped source). This is in the
agreement with Roberts et al. (2015, 2018), who
divide the two classes where the former class is
identified as a separate category and the latter
class is termed as true X-shaped sources.
In Appendix A, we present the radio-optical
overlays for the newly discovered sources and
give notes on selected sources. In particular,
see Section A.1 and Figure A.1 for GRSs, Sec-
tion A.2 and Figure A.2 for possible GRSs, Sec-
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Table 9. New giant radio sources listed in ROGUE I.
SDSS FIRST Classification AS LS
No. Plate MJD Fiber z α δ Optical Radio (′′) (kpc)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
402† 290 51941 44 0.1353 12 37 45.9 −01 14 16.2 E pDD 693 1673
2,635?† 447 51877 421 0.4029 08 45 25.5 +52 29 15.8 E DD 212 1155
3,684 528 52022 454 0.3212 13 36 03.5 +03 07 45.4 E II 159 749
10,340 1007 52706 415 0.2413 10 10 38.0 +51 11 19.9 E II 187 718
10,864 1048 52736 495 0.4340 14 53 31.1 +48 26 35.4 E II 164 934
11,817 1205 52670 248 0.1842 08 00 46.3 +24 43 17.1 E II 312 1003
11,827 1205 52670 491 0.1370 08 05 31.3 +25 48 11.4 E II 332 810
12,749 1281 52753 178 0.3645 13 12 16.3 +48 47 45.4 E pWAT 150 768
13,085 1301 52976 265 0.2426 09 11 54.7 +08 12 31.0 E II 208 802
14,373 1373 53063 554 0.0777 12 53 03.2 +45 00 44.8 E I 486 719
15,090 1415 52885 307 0.2821 16 50 25.3 +21 44 57.8 E II 168 723
15,353 1430 53002 5 0.1449 10 36 36.3 +38 35 07.5 E I/II 301 770
16,242 1573 53226 357 0.1481 16 22 06.0 +24 49 16.6 E II 463 1207
16,309 1576 53496 575 0.2659 16 20 31.1 +27 17 37.5 E II 209 862
17,467 1648 53171 370 0.2821 15 02 08.9 +33 31 14.3 E II 192 826
18,519‡ 1709 53533 491 0.1665 14 31 51.1 +10 29 59.4 E pX 271 778
19,682 1767 53436 67 0.3876 12 27 53.4 +14 16 45.6 E II 166 883
21,094 1841 53491 418 0.2384 14 31 03.4 +33 45 41.6 E II 192 731
21,583 1920 53314 285 0.1883 07 46 33.7 +17 08 09.6 E II 438 1389
21,944 1939 53389 320 0.3597 09 23 16.2 +28 54 57.9 E II 162 822
23,741 2087 53415 557 0.2150 09 19 42.2 +26 09 24.1 E II 213 749
24,327 2116 53854 319 0.2404 13 50 00.7 +29 47 21.4 E II 183 701
25,187 2154 54539 376 0.3584 15 08 58.5 +28 26 28.2 E II 182 921
25,302 2159 54328 102 0.3358 15 24 44.6 +19 59 57.1 E II 248 1203
25,511 2169 53556 29 0.1154 15 52 06.7 +22 47 39.2 D I/II 668 1407
25,565§ 2171 53557 389 0.0683 15 52 22.4 +22 33 11.8 E II 578 760
26,948 2284 53708 269 0.4100 09 01 36.7 +21 46 33.8 E I/II 130 716
27,059 2291 53714 114 0.0345 09 23 31.5 +24 26 46.7 D I/II 1080 746
28,725 2494 54174 488 0.1781 11 21 45.0 +17 24 25.3 E I/II 255 773
28,749 2495 54175 564 0.1665 11 23 32.3 +20 04 17.6 E II 263 755
29,643 2577 54086 54 0.1602 09 21 01.5 +11 29 44.6 E II 259 720
29,804 2585 54097 327 0.1235 09 59 40.4 +17 25 28.2 E II 530 1183
29,989 2593 54175 397 0.1368 10 34 03.9 +18 40 49.0 E II 540 1316
Note—Columns: (1) catalog number; (2) plate number from SDSS; (3) MJD from SDSS; (4) Fiber number
from SDSS; (5) redshift; (6) Right ascension from FIRST; (7) Declination from FIRST; (8) Optical
morphological classification (Table 3); (9) final radio morphological classification; (10) angular size; (11)
projected linear size.
†classified also as a new double-double or possible double-double radio source.
‡classified also as a new possible X–shaped radio source.
§formerly classified as FR I radio galaxy (Capetti et al. 2017a).
?Object was included in the FR II radio galaxy sample of Kozie l-Wierzbowska & Stasin´ska (2011).
tion A.3 and Figure A.3 for DDs, Section A.4
and Figure A.4 for X–shaped sources, and Sec-
tion A.5 and Figure A.5 for Z–shaped sources.
5.5. Comparison with other catalogs
The catalog of Best & Heckman (2012, BH12
hereafter) is the recent and widely explored cat-
alog of radio sources with optical counterparts
from SDSS DR 7 (see, Capetti et al. 2017a,b;
Baldi et al. 2018). As stated in Table 1, the
BH12 catalog was made by cross-matching
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Table 10. Candidates for new giant radio sources listed in ROGUE I.
SDSS FIRST Classification AS LS
No. Plate MJD Fiber z α δ Optical Radio (′′) (kpc)
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11)
370 287 52023 573 0.2510 12 14 34.6 +00 47 28.3 E II 204 807
1,415 375 52140 399 0.2102 22 20 55.9 +00 18 20.0 E II 202 698
2,500 442 51882 259 0.1603 08 17 36.1 +49 59 31.6 E I/II 251 699
7,161 817 52381 623 0.2707 16 38 09.9 +40 58 39.9 E II 167 698
7,346 832 52312 555 0.3242 09 17 17.9 +44 34 26.1 E II 146 692
11,034 1058 52520 395 0.4046 16 25 13.3 +33 41 51.4 E I 127 694
11,417 1175 52791 74 0.1994 16 52 47.4 +32 34 59.4 E II 244 810
12,374 1237 52762 105 0.1766 10 16 14.4 +08 15 13.8 E pI/II 278 837
12,766 1282 52759 26 0.3318 13 30 41.8 +48 27 54.8 E II 255 1227
13,360 1318 52781 221 0.1071 12 57 17.6 +56 39 12.1 E pI/II 582 1148
14,074‡ 1360 53033 175 0.0921 10 30 53.6 +41 13 15.8 E pX 530 915
14,686 1388 53119 40 0.1991 15 36 59.2 +31 05 38.8 E I 270 895
14,841 1396 53112 120 0.3350 14 41 35.0 +41 56 32.7 E pI/II 295 1429
16,484 1587 52964 238 0.0878 08 36 07.8 +26 48 43.7 E pII 552 912
19,048 1737 53055 197 0.1851 07 48 18.8 +45 44 46.3 E pI/II 228 713
20,418† 1805 53875 413 0.1501 13 51 10.8 +07 28 46.2 pE pDD 338 891
25,432 2165 53917 363 0.2052 15 37 21.2 +24 55 58.7 E pII 217 736
25,587 2172 54230 332 0.0897 15 52 09.1 +20 05 48.3 E pII 1186 1998
26,971 2285 53700 401 0.3289 09 02 33.7 +20 23 43.9 E II 145 694
29,884 2588 54174 389 0.2593 10 12 07.2 +16 19 26.2 E pII 206 834
29,900 2589 54174 382 0.4518 10 18 06.1 +17 48 09.1 E I 131 764
29,948 2591 54140 268 0.2982 10 24 24.4 +17 09 17.2 E pII 188 841
Note—Columns: (1) catalog number; (2) plate number from SDSS; (3) MJD from SDSS; (4) Fiber
number from SDSS; (5) redshift; (6) Right ascension from FIRST; (7) Declination from FIRST; (8)
Optical morphological classification (Table 3); (9) final radio morphological classification; (10) angular
size; (11) projected linear size.
†classified also as a new double-double or possible double-double radio source.
‡classified also as a new possible X–shaped radio source.
SDSS DR 7 with NVSS and FIRST using au-
tomatic methods described in Best et al. (2005)
with modifications introduced in Donoso et al.
(2009). The BH12 catalog contains 18,286 radio
objects selected with a flux density limit of 5
mJy. All the objects in this catalog were clas-
sified as AGNs (about 15,000) or SF galaxies
(about 3,000) using three different classification
schemes (see Appendix A in Best & Heckman
2012). Compared to BH12, the ROGUE I cat-
alog was selected using the same optical and
radio surveys, but without applying any addi-
tional radio flux density limit.
As we already mentioned, in the SDSS cata-
logs there are galaxies with repeated observa-
tions, therefore we performed our comparison
based on the SDSS coordinates and not plate,
MJD, and fiber numbers. Out of the 14,383
BH12 sources that fulfill our spectrum and pho-
tometry quality criteria (see Section 2), 11,882
sources are also in ROGUE I. However, two
of them are sources with off-centered spectra,
therefore, the ROGUE I and the BH12 catalogs
contain 11,880 unique sources in common.
BH12 contains 2,500 sources that are not
listed in ROGUE I, however, all these sources
do not have a FIRST radio detection within 3′′
from the optical galaxy. On the other hand, in
the ROGUE I catalog there are 20,728 sources
not included in BH12, 846 of which having total
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Table 11. New double-double radio sources listed in ROGUE I.
SDSS FIRST Classification
No. Plate MJD Fiber z α δ Optical Radio
(1) (2) (3) (4) (5) (6) (7) (8) (9)
2,635?† 447 51877 421 0.4029 08 45 25.5 +52 29 15.8 E DD
8,602? 906 52368 169 0.1446 10 46 32.2 +54 35 59.7 E DD
9,180? 941 52709 201 0.0721 09 47 08.8 +42 11 25.6 E DD
19,429 1753 53383 486 0.1720 11 24 22.8 +15 09 58.0 E DD
402?† 290 51941 44 0.1353 12 37 45.9 −01 14 16.2 E pDD
1,232? 358 51818 161 0.333 17 32 50.2 +56 34 27.0 E pDD
4,035 548 51986 18 0.1800 08 33 46.8 +45 15 18.6 E pDD
4,581 580 52368 461 0.0354 10 59 14.6 +05 17 31.3 E pDD
4,861 599 52317 129 0.1045 12 13 26.0 +63 59 09.1 E pDD
6,099 725 52258 79 0.1593 23 06 32.1 -09 30 18.0 E pDD
15,170 1419 53144 481 0.3038 16 08 10.8 +32 54 18.9 E pDD
16,107? 1465 53082 522 0.2249 13 43 00.4 +46 27 19.9 E pDD
20,418† 1805 53875 413 0.1501 13 51 10.8 +07 28 46.2 pE pDD
24,209§ 2110 53467 344 0.0162 13 23 45.0 +31 33 56.7 E pDD
25,983 2218 53816 458 0.0732 11 29 12.2 +27 33 14.1 E pDD
30,866§ 2656 54484 499 0.0226 12 08 05.6 +25 14 14.1 E pDD
Note—Columns: (1) catalog number; (2) plate number from SDSS; (3) MJD from
SDSS; (4) Fiber number from SDSS; (5) redshift; (6) Right ascension from FIRST; (7)
Declination from FIRST; (8) Optical morphological classification (Table 3); (9) final
radio morphological classification.
§formerly classified as FR I radio galaxy (Kharb et al. 2012).
? included in the FR II radio galaxy sample of Kozie l-Wierzbowska & Stasin´ska (2011).
† classified also as a new giant or a candidate for a new giant radio source.
Table 12. New X–shaped radio sources listed in ROGUE I.
SDSS FIRST Classification
No. Plate MJD Fiber z α δ Optical Radio
(1) (2) (3) (4) (5) (6) (7) (8) (9)
18,205 1695 53473 492 0.2077 12 57 21.7 +12 28 19.3 E X
25,798? 2209 53907 286 0.2791 16 30 16.6 +14 35 11.4 E X
27,729 2368 53758 58 0.191 09 32 38.3 +16 11 58.0 E X
3,155 484 51907 497 0.2698 09 09 51.0 +58 47 07.0 E pX
4,287 561 52295 303 0.3626 10 40 21.9 +59 58 41.3 E pX
6,713 776 52319 99 0.1112 11 37 21.4 +61 20 00.9 E pX
14,074† 1360 53033 175 0.0921 10 30 53.6 +41 13 15.8 E pX
18,519† 1709 53533 491 0.1665 14 31 51.1 +10 29 59.4 E pX
23,094 2012 53493 629 0.1148 11 44 27.2 +37 08 32.4 E pX
Note—Columns: (1) catalog number; (2) plate number from SDSS; (3) MJD from
SDSS; (4) Fiber number from SDSS; (5) redshift; (6) Right ascension from FIRST; (7)
Declination from FIRST; (8) Optical morphological classification (Table 3); (9) final
radio morphological classification.
? included in the FR II radio galaxy sample of Kozie l-Wierzbowska & Stasin´ska (2011).
† classified also as a new giant or a candidate for a new giant radio source.
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Table 13. Z–shaped radio sources listed in ROGUE I.
SDSS FIRST Classification
No. Plate MJD Fiber z α δ Optical Radio
(1) (2) (3) (4) (5) (6) (7) (8) (9)
1,606 385 51877 375 0.1835 23 39 00.3 +00 42 58.2 E Z
2,798 456 51910 365 0.3485 02 43 20.6 −07 14 45.9 E Z
2,809 457 51901 193 0.0782 02 52 27.6 −07 56 04.8 E Z
4,142 552 51992 471 0.0992 09 02 36.8 +52 03 48.0 E Z
7,225 826 52295 491 0.0618 08 21 10.4 +35 47 35.9 E Z
7,502 842 52376 209 0.1489 12 04 25.3 +03 45 09.3 E Z
7,977† 875 52354 521 0.1539 10 40 22.5 +50 56 23.0 E Z
11,229 1164 52674 103 0.1331 15 02 29.0 +52 44 02.2 E Z
12,408 1238 52761 550 0.0626 10 23 22.6 +08 52 01.6 E Z
12,544‡ 1269 52937 243 0.0788 08 39 15.8 +28 50 39.1 E Z
13,184 1307 52999 67 0.1615 10 04 56.7 +09 47 04.7 E Z
18,459 1707 53885 313 0.3442 14 18 13.3 +09 52 37.0 E Z
21,690 1926 53317 156 0.0959 08 18 54.1 +22 47 46.1 E Z
22,328 1971 53472 124 0.3522 12 32 11.6 +31 30 56.6 E Z
22,897? 2002 53471 462 0.0728 13 19 04.2 +29 38 35.4 E Z
25,124§ 2151 54523 113 0.0541 15 04 57.1 +26 00 58.3 E Z
28,729 2494 54174 626 0.1422 11 24 57.4 +17 17 43.2 E Z
32,462 2954 54561 299 0.1161 15 26 42.0 +00 53 30.1 E Z
6,195 733 52207 202 0.2641 21 49 39.7 +10 57 27.4 E pZ
10,652 1038 52673 475 0.0851 12 46 47.5 +54 53 15.2 E pZ
10,919 1051 52468 483 0.2531 15 23 33.5 +45 03 36.6 E pZ
13,950 1352 52819 491 0.3860 15 05 57.1 +37 02 07.2 E pZ
18,391 1704 53178 2 0.0914 14 8 33.0 +12 24 25.5 E pZ
24,512 2123 53793 634 0.2939 14 12 24.4 +27 17 59.7 E pZ
28,012 2424 54448 561 0.1647 08 30 59.5 +12 52 53.2 E pZ
Note—Columns: (1) Catalog number; (2) Plate number from SDSS; (3) MJD from SDSS;
(4) Fiber number from SDSS; (5) Redshift; (6) Right ascension from FIRST; (7) Dec-
lination from FIRST; (8) Optical morphology classification (Table 3); (9) Final radio
morphology classification.
Objects earlier classified as: †X-shaped (Cheung 2007), ‡WAT (O’Donoghue et al. 1993),
?FR II (Kozie l-Wierzbowska & Stasin´ska 2011), and §FR I with lobes (Croston et al.
2018).
24 Kozie l-Wierzbowska et al.
 22
 23
 24
 25
 26
 27
-25-24-23-22-21-20-19
l o
g  
L r
e s
t , t
o t
a l
 
[ W
 H
z- 1
]
Mr [mag]
FR II
FR I
Figure 6. Distribution of Lrest,total at 1.4 GHz vs.
absolute magnitude, Mr of the FR I (269 sources;
red triangles) and FR II (730 sources; blue crosses),
using only secure classifications in the ROGUE I
catalog. The dotted line marks the division of the
FR I and FR II type of radio sources (Ledlow &
Owen 1996). Here we reproduce the division line
with a correction factor of 0.34 mag resulting from
the conversion of color from Cousin to the SDSS
filter systems (see also, Capetti et al. 2017b)
.
radio flux densities higher than 5 mJy, including
169 extended, 53 compact, 578 elongated radio
sources, and 46 SFRs. This comparison shows
that in automatic search even bright sources
with radio cores can be missed, therefore, in
such projects selection criteria should be cho-
sen with caution.
Since ROGUE I contains extended sources
with assigned morphological types, our compar-
ison should be also made with catalogs of ex-
tended sources. In the Lin et al. (2010) cata-
log, SDSS DR 6 was cross-matched with NVSS
and FIRST. The Lin et al. sample is limited
in redshift (0.02 < z < 0.3) and contains galax-
ies that are more luminous than the character-
istic magnitude in the galaxy luminosity func-
tion (Blanton et al. 2003). They applied a ra-
dio flux density limit of 3 mJy and a search
radius of 3′ between the optical galaxy and the
NVSS radio source. The Lin et al. (2010) cata-
log contains about 10,500 objects of which 1,040
have extended morphologies. Lin et al. pro-
posed a classification scheme similar to the stan-
dard Fanaroff & Riley (1974) one, which was
based on the ratio, rS, of the separation between
the brightest regions on either sides of the host
galaxy and the total size of the radio source.
The comparison of ROGUE I and extended
sources from Lin et al. (2010) gives 505 common
objects, 154 sources which are not in our opti-
cal galaxy sample, and 381 sources which have
no FIRST detection within 3′′. Among common
objects, the majority of sources with the highest
values of rS are ROGUE I FR II radio sources.
Going to lower values of rS, more sources with
more complex structures are found, which is in
agreement with our and Lin et al. classification
schemes. However, we note that the values of
this ratio for some sources do not match their
ROGUE I morphology. It is a result of incom-
patible identification of radio components as a
part of the radio source. This shows that the
proper identification of all parts of radio sources
will be a challenging problem in future auto-
matic searches. It also shows that measuring
sizes and classification similar to the one pro-
posed by Lin et al. can be inaccurate in the
case of bent sources, or sources with more than
one pair of lobes (see also comments in Mingo
et al. 2019).
6. SUMMARY
We have presented ROGUE I, the largest
handmade catalog of radio sources associated
with optical galaxies. It has been constructed
using the SDSS DR 7 spectroscopic catalog of
galaxies and the FIRST and the NVSS radio
catalogs. All ROGUE I objects have spectro-
scopic redshifts and good quality optical spec-
tra that can be used to derive basic host galaxy
properties, as well as stellar velocity disper-
sions from which BH masses can be estimated.
ROGUE I consists only of sources with a central
FIRST component which, in the case of AGNs,
can be interpreted as a radio core. A second
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catalog, ROGUE II, which will deal with radio
galaxies with SDSS counterparts but without
a FIRST core, is in preparation. ROGUE I
provides the morphological classification of the
host galaxies as well as of the associated radio
sources, and a careful estimation of the total
radio flux densities.
The main results of our visual classifications
are as follows:
1. Unresolved (compact) and elongated ra-
dio sources dominate in the ROGUE I cat-
alog. They constitute ∼90% of the total
number. About 8% of the sources in the
sample exhibit extended morphology.
2. Radio sources (secure and possible classi-
fications) of Fanaroff & Riley I, II, hybrid,
and one-sided types constitute ∼78% of
the extended sources, bent (wide-angle,
narrow-angle, head-tail) sources ∼18%,
while sources with intermittent or re-
oriented jet activity (double-double, X-
shape, Z-shape sources) ∼3%.
3. Although the FIRST and the NVSS cata-
logs together with SDSS DR 7 have been
extensively explored in the past, our se-
lection procedure allowed us to discover
or reclassify a number of objects as giant,
double–double, X–shaped, and Z–shaped
radio sources. Moreover, we have classi-
fied much bigger samples of Fanaroff &
Riley I and II types (416 and 871, respec-
tively, including both secure and possible
assignments), than presented in Capetti
et al. (2017a,b) due to higher z range and
lower radio detection thresholds in our
study. We note that the ROGUE II cat-
alog, which will comprise of radio sources
without cores, will further increase the
numbers of extended radio sources.
4. We identify a total of 81 GRSs (55 new
and 26 from the sample of Kuz´micz et al.
2018) among the group of 2,503 extended
radio sources in ROGUE I. This corre-
sponds to ∼3% of the extended radio
source population, in agreement with the
fraction of GRSs in the local Universe
(i.e., z <1; Saripalli et al. 2012).
5. The optical morphological classification of
the host galaxies revealed that ∼62% of
radio sources detected at 1.4 GHz have el-
liptical, ∼17% spiral, and ∼7% lenticu-
lar hosts. A significant number of sources
(∼12%) have host galaxies with distorted
morphologies.
6. In accord with earlier studies, most of the
FR II radio sources in ROGUE I have low
radio luminosities, comparable to the lu-
minosities of the FR I sources.
Comparisons with automatically selected cata-
logs show that visual analysis, although more
time-consuming, still gives better results, and
that the selection and classification schemes
used in such procedure can be more complex
than in automatic searches. Although our
method would be very difficult to apply to the
catalogues based on the large radio surveys like
LOFAR or EMU (Norris et al. 2011), our sample
can serve as a database for training automatic
methods of radio source identification and clas-
sification (as Alger et al. 2018; Ma et al. 2019).
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APPENDIX
A. NOTES FOR SELECTED SOURCES
Figures A.1, A.2, A.3, A.4, and A.5 present radio–optical overlays of the newly discovered and/or
reclassified sources listed in Section 5.4. The header of each plot gives the number of the object in
the ROGUE I catalog. The red radio contours are generated based on the FIRST 1.4 GHz maps,
while the black contours on the NVSS maps. The gray scale is the optical DSS image. The map is
centered at the optical host galaxy position marked by a plus sign. For a guidance, a bar with the
linear scale is located at the upper right corner, while the FIRST beam is displayed inside a square
box at the bottom left corner of each contour map. Below, we briefly describe the selected sources. It
is worth to note that the optical hosts of all the sources presented here are elliptical galaxies with two
exceptions, namely 25,511 and 27,059 giant sources hosted by distorted galaxies. All the redshifts
are taken from the SDSS.
A.1. Giant radio sources
2,635: the radio source is located at a distance of z = 0.40. An angular size of the radio emission,
measured between FIRST hot spots, is 212′′ and a projected linear size reaches 1.2 Mpc. The
source is included in the FR II radio galaxy sample in Kozie l-Wierzbowska & Stasin´ska (2011).
The FIRST map reveals an elongated core with a pair of bright inner lobes and faint outer
lobes. The internal FIRST structure matches with the central elongated NVSS core, while the
external pair of lobes also agree well with the lobes visible on the NVSS map. Comparing the
radio structures from both maps, we additionally classify the source as a possible restarting
double–double radio galaxy.
12,749: we classify this giant, located at z = 0.36, as a possible WAT source, reaching an
angular size of 150′′ and a projected linear size of 0.8 Mpc, measured on the NVSS map. The
FIRST map shows a compact core and a faint emission from one lobe. The elongated radio
emission from the core as well as both lobes are visible on the NVSS map.
14,373: this giant located at z = 0.08, reaching an angular size of 486′′ and a projected linear
size of 0.7 Mpc, is classified as FR I radio galaxy in the ROGUE I catalog. The FIRST map
reveals a complex extended structure, containing a clear core and several components. The
NVSS map displays an elongated morphology with the brightness maximum close to the core
and smooth dimness in the lobes.
15,353: the source located at z = 0.14 reaches an angular size of 301′′ and a projected linear size
of 0.8 Mpc. An FR II morphology is revealed on both maps, where the FIRST map uncovers a
core and a two-sided jet-like structure as well as clear outer lobes, while in the NVSS data an
elongated radio emission with backflows is also visible. The radio size was measured manually
taking into account the backflows.
16,242: the source is located at z = 0.15, reaches an angular size of 463′′ and a projected linear
size of 1.2 Mpc and has an FR II morphology. On the FIRST map, a compact core and a
faint emission from the south-east lobe are visible, while the NVSS map exhibits an elongated
emission from the central parts and from a pair of symmetric lobes.
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25,511: in Proctor (2016) the source is classified as a giant (or possible giant) with an asym-
metric morphology. The coordinates of the system given by Proctor (2016), α = 15 52 10.97
and δ = 22 45 08.0, were chosen based on a fit of the NVSS catalog entry, pointing to a faint
elliptical galaxy with photometric z = 0.78 as a possible optical host. The estimated angular
size of the radio structure reaches 668′′and, at such a redshift, it corresponds to a projected
linear size of 5 Mpc, making this source the largest one known to date. However, we argue
that the actual host is a distorted galaxy located at z = 0.12. This redshift gives for the radio
source a projected linear size of 1.5 Mpc. We classify the source as an hybrid FR: the FIRST
map reveals only a compact core while on the NVSS map an extended hybrid FR structure is
clearly visible.
25,565: Proctor (2016) classified this source, based on the NVSS data, as a giant or possible
giant with a possible double–double morphology. The coordinates of the host galaxy proposed
by them, α = 15 52 35.17 and δ = 22 34 18.8, were estimated visually with the symmetry
assumption. Taking these coordinates, we found two possible optical hosts. Both of them are
faint elliptical galaxies with no optical spectra and only photometric redshifts in the SDSS
database. Using the given redshifts, the radio structure with an angular size 578′′reaches a
huge size, i.e. 3.9 Mpc for z = 0.39 and 4.9 Mpc for z = 0.59. Based on FIRST, NVSS, and
SDSS data, we also suggest that the source is of FR II type, but the FIRST data reveals an
elongated jet-like structure associated with an elliptical galaxy (α = 15 52 22.4, δ = 22 33
11.8) at z = 0.07, which we interpret as the host. This host with only small one-sided jet was
classified as an FR I radio galaxy by Capetti et al. (2017a). If we take into account the whole
radio structure, the angular size corresponds to a projected linear size of 0.9 Mpc, and therefore
we classify it as a giant. Due to the uncertainty in the identification of the host galaxy, we also
investigated the TIFR GMRT Sky Survey (TGSS; Intema et al. 2017) high resolution 150 MHz
maps to verify the radio morphology of possible optical hosts. The maps reveal a significant
emission at the location of the putative host pointed by us. It is also worth mentioning that
the host galaxy is a member of a galaxy cluster located at z=0.07. It is, therefore, possible
that the large asymmetry of the radio structure is the result of interactions between the lobe
and the intracluster ambient medium.
29,884: we classify this giant radio source (z = 0.26, angular size of 206′′ and projected linear
size 0.8 Mpc) as an FR II radio galaxy. A strong compact core and a faint emission in one lobe
is visible on the FIRST map. The NVSS map shows a strong slightly elongated core and two
much weaker but still clear lobes.
A.2. Possible giant radio sources
370: based on FIRST and NVSS maps, we classify this possible giant as an FR II radio
galaxy. On the FIRST map, an elongated core and a pair of hot spots are visible. The NVSS
map displays more extended structure with two clear lobes exceeding structure visible in the
FIRST. The source is located at z = 0.25, and including tails visible on NVSS maps, it reaches
an angular size of 204′′, which corresponds to a projected linear size of 0.8 Mpc.
11,417: the radio structure of this possible giant located at z = 0.2 reaches an angular size of
244′′, corresponding to a projected linear size of 0.8 Mpc. The FIRST map reveals a slightly
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Figure A.1. Newly discovered and/or classified giant radio sources in ROGUE I. The 1.4 GHz radio
contours from the FIRST (red) and the NVSS (black) maps are overlaid on the optical DSS (gray scale)
image, centered at the host galaxy position marked by a plus sign. Each panel contains catalog number of
the galaxy. The FIRST beam is placed inside the square box. The contours levels are the same as in Fig.1
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Figure A.1 (Cont.). Newly discovered and/or classified giant radio sources in ROGUE I.
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Figure A.1 (Cont.). Newly discovered and/or classified giant radio sources in ROGUE I.
elongated core and a faint radio emission, suggesting the existence of a southern lobe, but the
northern lobe is undetected. The core and the southern lobe are evident on the NVSS map,
while the presence of the northern lobe is visible (indicated by one radio contour).
12,374: this source located at z = 0.18 has an angular size of 278′′ and a projected linear size
of 0.8 Mpc. We classify it as a possible giant due to its complex morphology visible on both
maps. The FIRST map shows an elongated core and three side sources, from which one can be
interpreted as foreground/background emission. The NVSS map, however, reveals a connection
between linear lobes with possible hybrid morphology.
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12,766: the source, classified as FR II and located at z = 0.33 has an angular size of 255′′,
corresponding to a projected linear size of 1.2 Mpc. Only a faint slightly elongated core ap-
pears in the FIRST map, while the NVSS map reveals extended, slightly bent structure with
prominent lobes and a hint of the faint extension of a southeastern lobe.
13,360: this possible hybrid radio galaxy is located at z = 0.11. Its angular size is 582′′,
corresponding to a linear size of 1.1 Mpc. The FIRST map reveals only a compact core, while
an extended FR hybrid radio structure is visible on the NVSS map. Analysing the optical
as well as the radio data, we suspect that this possible giant can be a superposition of radio
emission from foreground/background galaxies, and therefore we consider it as a possible giant.
14,074: This source located at z = 0.09 has an angular size of 530′′corresponding to a pro-
jected linear size of 1 Mpc. The FIRST map reveals a FR II type morphology. The NVSS
map additionally uncovers a possible X–shaped radio structure with an asymmetric one-sided
strong emission towards the north-south direction with hot spots and a fainter diffuse emission
perpendicular to it.
16,484: the source is located at z = 0.09, with an angular size of 552′′ and a projected linear
size of 0.9 Mpc. We classify it as a possible FR II. On the FIRST map, merely a core is visible,
while the NVSS map reveals a complex morphology with a faint extended central part and two
detached bright lobes. Also, a point-like, background/foreground source is visible next to the
core.
19,048: this possible hybrid radio galaxy is located at z = 0.19, with an angular size of 228′′
corresponding to a projected linear size of 0.7 Mpc. The FIRST map reveals a core and a pair
of lobes, while the NVSS map shows an extended radio structure with a distinct south lobe
and a diminishing north one.
20,418: this double–double giant radio galaxy at z = 0.15 has an angular size 338′′ correspond-
ing to a projected linear size of 0.9 Mpc. The FIRST map reveals a core surrounded by a
halo-like structure, a two-sided jet, and outer lobes. On the NVSS map, the elongated central
emission and both outer lobes are apparent.
25,432: this faint source, with redshift z = 0.21, the angular size of 217′′, and the projected
linear size of 0.7 Mpc, is classified as a possible FR II radio galaxy. The FIRST map shows
only a core, whereas a core as well as both lobes are visible on the NVSS map.
25,587: Kuz´micz et al. (2018) classifies the radio structure as a giant belonging to a host galaxy
J155209.19+200523.2, different from the ROGUE I host galaxy.
29,900: the radio structure of this FR I galaxy located at z = 0.45, reaches an angular size of
131′′, corresponding to a linear size of 0.7 Mpc. It has a faint core and a prominent south lobe.
Only two contours suggesting the position of the north lobe are apparent on the NVSS map.
A.3. Double–double radio sources
8,602: this source is included in the FR II radio galaxy sample of Kozie l-Wierzbowska &
Stasin´ska (2011). Both, the FIRST and NVSS maps display an extended structure consisting
36 Kozie l-Wierzbowska et al.
370
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
12 14 42 40 38 36 34 32 30 28 26
00 49 30
00
48 30
00
47 30
00
46 30
00
45 30
240 kpc
1,415
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
22 21 05 00 20 55 50 45
00 21
20
19
18
17
16
208 kpc
2,500
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
08 17 55 50 45 40 35 30 25 20 15
50 02
01
00
49 59
58
57
56
165 kpc
7,161
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
16 38 20 15 10 05 00
41 00 30
00
40 59 30
00
58 30
00
57 30
00
250 kpc
7,346
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
09 17 25 20 15 10
44 36 00
35 30
00
34 30
00
33 30
00
140 kpc
11,034
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
16 25 22 20 18 16 14 12 10 08 06
33 43 30
00
42 30
00
41 30
00
40 30
00
165 kpc
11,417
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
16 53 00 52 55 50 45 40 35
32 38
37
36
35
34
33
32
200 kpc
12,374
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
10 16 25 20 15 10 05 00
08 18
17
16
15
14
13
12
180 kpc
X
12,766
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
13 31 00 30 55 50 45 40 35 30 25
48 31
30
29
28
27
26
25
290 kpc
13,360
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
12 58 00 57 45 30 15 00 56 45
56 44
42
40
38
36
34
235 kpc
X
14,074
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
10 31 30 15 00 30 45 30 15
41 20
18
16
14
12
10
08
06
210 kpc
14,686
D
ec
lin
at
io
n 
(J2
00
0)
Right Ascension (J2000)
15 37 10 05 00 36 55 50 45
31 09
08
07
06
05
04
03
200 kpc X
Figure A.2. Newly discovered and/or classified possible giant radio sources in ROGUE I. The layout of
the maps is the same as in Figure A.1
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Figure A.2 (Cont.). Newly discovered and/or classified possible giant radio sources in ROGUE I.
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of two pairs of lobes, where the outer lobes are brighter than the inner ones — the opposite of
what is usually observed in double–double radio sources.
9,180: this source appears in the FR II sample of Kozie l-Wierzbowska & Stasin´ska (2011). The
FIRST map displays strong elongated lobes next to the core and a fainter one-sided outer lobe,
whereas on the NVSS map both outer lobes are clearly seen.
19,429: on the FIRST map, a point-like core, symmetric lobe-like structures, as well as a
fainter one-sided outer lobe are visible. The NVSS map displays a central part extending in the
direction of structures visible on the FIRST map and additional slightly asymmetric outer lobes.
The radio emission from the northern lobe is blended with two compact foreground/background
sources.
1,232: this source appears in the FR II sample of Kozie l-Wierzbowska & Stasin´ska (2011).
Analysing the FIRST map, we noticed that the source has more complex structure than just
FR II. The west side of the source consists of inner and outer lobes, while the outer lobe is
missing on its east side. This may be caused by a projection or by ageing and light-time effect.
4,035: the FIRST map reveals a complex morphology consisting of several radio components,
while the NVSS map exhibits an elongated shape. The radio structures next to the core visible
in the FIRST map could be either jets or inner lobes. Therefore we classify the source as a
possible double–double radio galaxy.
15,170: the FIRST map displays a radio structure composed of several lobes along with radio
emission from a background/foreground source. The source has an elongated and slightly bent
morphology visible in the NVSS data.
16,107: Kozie l-Wierzbowska & Stasin´ska (2011) added the source to the FR II radio galaxy
sample. On the FIRST map, a compact core and an extended structure consisting of two pairs
of detached lobes are visible, while the NVSS map reveals a possible FR II morphology.
24,209: in the literature, the source is classified as an FR I radio galaxy (Kharb et al. 2012).
Investigating the FIRST data, we noticed a small, two-sided structure which can be interpreted
as a pair of inner lobes. The NVSS map reveals a clear large structure with FR I morphology.
25,983: the FIRST map reveals a radio structure consisting of inner and outer lobes, however,
the emission close to the core may be jet-like. The source has an FR I morphology in the NVSS
data.
30,866: Kharb et al. (2012) classified the source as an FR I radio galaxy. The FIRST map
displays an elongated core with a one-sided jet and a pair of lobes. On the NVSS map, in
addition to the internal structure, two pairs of external lobes are visible.
A.4. X–shaped radio sources
18,205: the FIRST map reveals a pair of classical strong FR II type lobes with prominent hot
spots and indication of a faint structure perpendicular to the former lobes. The NVSS map
shows an extended structure with two axes of symmetry forming an X–shaped morphology, i.e.
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Figure A.3. Newly discovered and/or classified as double–double or possible double–double radio galaxies
in ROGUE I. The layout of the maps is the same as in Figure A.1.
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Figure A.3 (Cont.). Newly discovered and/or classified as double–double or possible double–double radio
galaxies in ROGUE I.
one along the FR II lobes and another connecting faint extensions, almost perpendicular to the
aforementioned structure.
25,798: the source appears in the FR II radio galaxy sample of Kozie l-Wierzbowska & Stasin´ska
(2011). The FIRST map displays a complex morphology consisting of a strong core, symmetric
FR II type lobes, and an additional lobe inclined to them. On the NVSS map, an asymmetric
two-axis boxy structure, blended with a foreground/background source is visible.
27,729: in the FIRST data, the source consists of two pairs of lobes rotated relative to each
other by ∼30◦. The shorter pair of lobes is fainter, while the the longer lobes are stronger with
hot spots. On the NVSS map, an extended and slightly asymmetric FR II type structure is
visible. It is classified as a giant radio source by Kuz´micz et al. (2018) with a linear size ∼0.8
Mpc.
3,155: the FIRST map exhibits a possible X–shaped radio structure with two pairs of under-
developed lobes. Only a uniform circular structure is visible on the NVSS map.
4,287: the source has an X–shaped type radio structure with barely seen both pairs of lobes
and circular featureless emission visible in the FIRST and the NVSS maps, respectively.
6,713: the source has a clear FR II type morphology in FIRST map and an additional emission
at an inclined axis from the main jet axis in NVSS map.
23,094: the sources has clear FR II type morphology in FIRST map while an extended emission
inclined to the main jet axis (could be a backflow or from second pair of ‘old’ lobes) is seen in
NVSS map.
A.5. Z–shaped radio sources
13,184: the core, jet-like structure and southern lobe are clearly visible on the FIRST map,
while the northern lobe is outlined by only one contour. The NVSS map reveals an elongated
central part and two FR II type lobes with a Z–shaped morphology.
25,124: the FIRST map shows a complex radio structure consisting of many components and
forming an Z–shaped morphology.
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Figure A.4. Newly discovered and/or classified as X–shaped or possible X–shaped radio sources in
ROGUE I. The layout of the maps is the same as in Figure A.1.
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Figure A.5. Newly classified Z–shaped and possible Z–shaped radio sources in ROGUE I. The layout of
the maps is the same as in Figure A.1.
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Figure A.5 (Cont.). Newly classified Z–shaped and possible Z–shaped radio sources in ROGUE I.
